Objective Efficacy and safety were compared between insulin degludec (IDeg) once daily (OD) in combination with mealtime insulin aspart (IAsp) and insulin detemir (IDet) OD or twice daily (BID) in combination with mealtime IAsp in Japanese subjects with type 1 diabetes mellitus (T1DM). 
Introduction
The risk of developing type 1 diabetes mellitus (T1DM) varies significantly according to country of residence and race [1] . Although the incidence of T1DM is increasing in the Japanese population, it continues to have one of the lowest rates in the world [1, 2] . The reasons for this are poorly understood, but may be partly influenced by specific immunological, genetic or environmental interactions [1, 2] .
Landmark trials have demonstrated the importance of maintaining tight glycaemic control to reduce the risk of long-term complications associated with T1DM [3] [4] [5] . As a result, the American Diabetes Association (ADA) now recommends target glycosylated haemoglobin (HbA 1c ) levels of \7.0 % in adults with T1DM [6] . The Japan Diabetes Society recommends the same target when aiming to prevent complications [7] .
As in other countries, basal-bolus insulin regimens remain the cornerstone of T1DM treatment in Japan [7] . In these regimens, a short-acting insulin is injected at mealtimes to maintain prandial glucose control, and a long-acting insulin is injected once daily (OD) or twice daily (BID) to meet basal insulin requirements.
Despite advances in pharmacotherapy, glycaemic control is suboptimal for many people with T1DM in Japan and elsewhere [8, 9] . Hypoglycaemia remains an important barrier to achieving glycaemic control [10] , and hence efforts are ongoing to develop treatments that reduce this risk.
Insulin degludec (IDeg) is a basal insulin that, upon injection, forms stable multi-hexamers in the subcutaneous tissue [11] . Monomers slowly separate from this depot and are absorbed into the circulation, resulting in a considerably longer half-life than insulin glargine (IGlar) [12] and a duration of action of [42 h [11] , as well as reduced day-today variability in glucose-lowering effect [13] . In addition, in the event of a missed dose, the pharmacokinetic characteristics of IDeg mean that it can be taken as soon as practically possible (provided a minimum interval of 8 h is maintained between doses) [14] .
A trial in patients with T1DM showed that IDeg OD, in conjunction with mealtime insulin aspart (IAsp), effectively reduces HbA 1c and fasting plasma glucose (FPG), with a lower risk of nocturnal hypoglycaemia than with IGlar and mealtime IAsp [15] .
More recently, the efficacy and safety of IDeg in T1DM, given OD as part of a basal-bolus regimen with mealtime IAsp, were demonstrated in the global phase III BEGIN Basal-bolus Type 1 study (Brazil, Finland, India, Italy, Japan, Republic of Macedonia, UK) [16] . In this trial, patients receiving IDeg achieved improved long-term glycaemic control, with a lower risk of nocturnal confirmed hypoglycaemia compared with IDet [16] . The current analysis was performed to assess whether the efficacy and safety of IDeg OD plus mealtime IAsp was maintained in a subpopulation of Japanese patients with T1DM from this trial.
Materials and methods

Study design and procedures
The design, methodology and study procedures of the trial have been reported in full elsewhere [16] . In brief, the study was a 26-week, randomised, controlled, open-label, parallel-group, non-inferiority trial, with a treat-to-target design, in line with current Food and Drug Administration recommendations for the evaluation of novel insulin preparations [17] . Eligible participants were randomised 2:1 to either IDeg OD (Tresiba Ò , 100 U/mL) or IDet (Levemir Ò , 100 U/mL) as basal insulin, each in combination with mealtime IAsp (NovoRapid Ò , 100 U/mL) (all from Novo Nordisk, Bagsvaerd, Denmark). Participants transferred to their randomised treatment from their pretrial insulin (basal insulin) on a unit-to-unit basis, as described in the full trial report [16] .
Insulin products were injected subcutaneously using a 3 mL FlexPen Ò (Novo Nordisk). IDeg and IDet were dosetitrated individually to plasma glucose values of 70-89 mg/ dL (3.9-4.9 mmol/L) converted from self-monitoring of blood glucose (SMBG) based on pre-breakfast or pre-main evening meal SMBG levels (mean values from three consecutive days). IDeg and IDet were injected subcutaneously OD in the evening (from start of main evening meal to bedtime). IAsp The trial was registered with clinicaltrials.gov (NCT01074268).
Study population-Japanese subgroup
Results from the Japanese subgroup are described in this report. The trial included male or female Japanese patients aged C20 years (as compared with C18 years in other populations) with a clinical diagnosis of T1DM for -C12 months. Subjects currently treated with any basalbolus insulin regimen for C12 months, HbA 1c B 10.0 % (85.8 mmol/mol), and body mass index B35.0 kg/m 2 at the time of screening were eligible for participation. Inclusion and exclusion criteria were reported previously for the full trial population [16] .
Assessments
The primary assessment was the change in HbA 1c after 26 weeks of treatment. Secondary efficacy assessments included laboratory-measured FPG, plasma glucose values obtained from 9-point SMBG profiles and automatically calibrated to plasma equivalent glucose values based on glucose meter measurements, and doses of basal and bolus insulin. The proportion of responders to HbA 1c target levels of \7.0 % was also calculated, as was the proportion who reached these targets without severe hypoglycaemia (in the last 12 weeks of treatment).
Safety variables included the number of confirmed hypoglycaemic episodes, adverse events (AEs), body weight, standard clinical and laboratory assessments, electrocardiogram (data not shown), fundoscopy/fundus photography (data not shown) and injection-site reactions.
Severe hypoglycaemia (according to the ADA definition) was defined as an episode requiring the assistance of another person to actively administer carbohydrates, glucagon or other resuscitative actions. Confirmed hypoglycaemia was defined as plasma glucose \3.1 mmol/L (56 mg/dL), regardless of symptoms, or severe episodes (requiring assistance from another person). ''Nocturnal'' episodes were confirmed episodes with onsets occurring between 00.01 and 05.59. The daytime period was classified as the period between 06:00 and 00:00 (both included).
Statistical analyses
Analyses of the Japanese subpopulation were performed post hoc. Generally, the statistical approaches used were the same as in the pre-planned analyses of the full trial population [16] .
Changes from baseline in HbA 1c , FPG and weight after 26 weeks of treatment were analysed separately using an analysis of variance, with treatment, antidiabetic therapy at screening and sex as fixed factors, and age and the corresponding baseline value as covariates. HbA 1c responder endpoints (HbA 1c \ 7.0 %), including whether targets were achieved without confirmed or severe hypoglycaemia, were analysed separately based on a logistic regression model. The model included treatment, antidiabetic therapy at screening and sex as fixed factors, and age and baseline HbA 1c as covariates.
After 26 weeks of treatment, 9-point SMBG profile values were analysed jointly using a linear mixed model with an unstructured residual covariance structure and with treatment, time point and an interaction between treatment and time point, antidiabetic treatment at screening and sex as fixed factors and age and baseline response per time point as covariates. The numbers of overall confirmed, nocturnal confirmed and severe hypoglycaemic episodes were analysed using a negative binomial regression model which included treatment, antidiabetic therapy at screening and sex as fixed factors and age as the covariate.
Statistical analyses were performed on the full analysis set for efficacy endpoints, body weight and hypoglycaemia. Safety endpoints were summarised using the safety analysis set. Missing values were imputed using last observation carried forward.
Results
Patient characteristics
Among the 197 Japanese subjects initially screened, 11 failed the screening process (Fig. 1) . A total of 186 subjects were therefore randomised 2:1 to receive either IDeg ? IAsp (n = 124) or IDet ? IAsp (n = 62), and 177 completed 26 weeks of study treatment (IDeg ? IAsp, n = 121; IDet ? IAsp, n = 56). The baseline characteristics of randomised Japanese subjects are shown in Table 1 . There was a higher proportion of female patients, a higher mean age and a lower mean HbA 1c in the IDeg arm. Otherwise, the baseline characteristics were generally comparable between the two treatment groups.
Glycaemic control
After 26 weeks, observed mean (standard deviation [SD]) HbA 1c levels decreased from 7.9 (0.9) at baseline to 6.9 % (0.7) in the IDeg ? IAsp group, and from 8.2 % (0.9) to 7.2 % (0.8) in the IDet ? IAsp group (Fig. 2a) .
The estimated mean change (standard error [SE] ) from baseline to week 26 in HbA 1c levels was - 
Fasting plasma glucose
In the IDeg ? IAsp group, the observed mean (SD) FPG level decreased from 175.5 (65.9) mg/dL (9.7 [3.7] mmol/ L) at baseline to 120.9 (46.0) mg/dL (6.7 [2.6] mmol/L) at week 26 (Fig. 2b) (Fig. 3) .
Insulin dose
The mean total (basal and bolus) daily insulin dose at baseline was similar in the The mean daily basal insulin dose at baseline was also similar in the two groups (0.25 U/kg in the IDeg ? IAsp group; 0.26 U/kg in the IDet ? IAsp group). At week 26, the mean daily basal insulin doses were 0.26 U/kg and 0.33 U/kg with IDeg and IDet, respectively (dose ratio 0.77), and a total of 39.3 % of subjects in the IDet group were receiving IDet BID.
Hypoglycaemic events
The rate of severe hypoglycaemic events was low in both groups (0.15 and 0 episodes per patient-year of exposure (PYE) with IDeg ? IAsp and IDet ? IAsp, respectively) ( Table 2 ). The percentage of subjects with severe hypoglycaemia was 6.5 % for IDeg ? IAsp and 0 % for IDet ? IAsp. The rate of nocturnal severe hypoglycaemia was also low in both groups (0.02 and 0 episodes PYE with IDeg ? IAsp and IDet ? IAsp, respectively).
Confirmed hypoglycaemia was reported in 98.4 % of patients in each of the two treatment groups. The rate of confirmed hypoglycaemia was similar in both groups (59.9 and 59.2 per PYE in the IDeg ? IAsp and IDet ? IAsp groups, respectively) ( Table 2 ; Fig. 4a ). The estimated ratio (IDeg ? IAsp)/(IDet ? IAsp) was 0.94 (95 % CI 0.70, 1.25).
The rate of nocturnal confirmed hypoglycaemia was significantly lower with IDeg ? IAsp than with IDet ? IAsp (5.2 vs 9.5 episodes per PYE, respectively; estimated ratio 0.48; 95 % CI 0.31, 0.75) ( Table 2 ; Fig. 4b ).
There were no significant differences in daytime confirmed hypoglycaemia (54.7 and 49.4 episodes per PYE with IDeg ? IAsp and IDet ? IAsp, respectively; estimated ratio 1.03, 95 % CI 0.77, 1.37) and daytime severe hypoglycaemia (0.11 and 0 episodes per PYE with IDeg ? IAsp and IDet ? IAsp, respectively) between the two groups. 
Adverse events
The incidence and rate of AEs were similar in both the IDeg ? IAsp and IDet ? IAsp treatment groups (83 vs 87 %; 5.38 vs 3.90 per PYE, respectively). The majority of the AEs were mild to moderate in severity. In both treatment groups, the most frequent AE was nasopharyngitis ( Table 3) .
The rate of AEs judged by investigators as probably related to the investigational basal insulin was low in both groups (0.16 and 0.03 per PYE with IDeg ? IAsp and IDet ? IAsp, respectively).
Rates of serious AEs were 0.26 and 0.07 per PYE in the IDeg ? IAsp and IDet ? IAsp groups, respectively. Rates of serious AEs judged as probably related to the investigational basal insulin were low in both groups (0.03 and 0.00 per PYE, respectively). Two serious AEs-hypoglycaemia and hypoglycaemic coma (both in the IDeg ? IAsp group)-were considered to be probably related to the study insulin treatment.
The proportion of participants reporting injection-site reactions was similar in both the IDeg ? IAsp (3.2 %) and the IDet ? IAsp (1.6 %) groups. None of these reactions was classified as serious.
There were no other relevant clinical or laboratory safety findings.
Discussion
In this post hoc analysis of a multinational, randomised, controlled, open-label, parallel-group, treat-to-target trial, the safety and efficacy of IDeg were investigated in Japanese patients with T1DM, and the findings were consistent with those observed in the global trial population [16] . IDeg ? IAsp improved glycaemic control over the 26-week treatment period, leading to reductions in HbA 1c that were comparable to those observed with IDet ? IAsp, as would be expected in a trial with a treat-to-target design. Estimated mean changes from baseline in HbA 1c over the treatment period were similar for the two groups, suggesting similar levels of glycaemic control. The levels of overall HbA 1c control obtained in the two arms were comparable to those achieved in previous treat-to-target trials with IDet using similar regimens [15, 18] .
As was the case in the full trial population [16] , IDeg ? IAsp improved FPG control to a greater extent than Table 2 Episodes of hypoglycaemia occurring on or after the first day of exposure to treatment and no later than 7 days after the last day of treatment (SAS) IDet ? IAsp. Consistent with results from a previous trial [19] , a lower mean FPG with IDeg versus IGlar in subjects with T1DM was observed in the current Japanese subanalysis. However, there was no statistically significant difference between the 9-point SMBG profiles of the two groups, except at 90 min after the start of lunch and at 4.00 am, when glucose concentrations were lower with IDet ? IAsp than IDeg ? IAsp. This finding is similar to the results observed in the global trial population, where plasma glucose (PG) profiles after 26 weeks were similar between treatment groups, except at 4.00 am, where PG concentration was significantly lower with IDet than IDeg [16] . It could be speculated that the lower PG concentration with IDet may be a counterbalance against higher FPG concentrations in the IDet group in the morning, and may be reflective of the higher rate of nocturnal hypoglycaemia seen in this group. Rates of overall confirmed hypoglycaemia among Japanese subjects in the present analysis were similar in both treatment groups. However, treatment with IDeg ? IAsp was associated with a lower rate of nocturnal hypoglycaemia than treatment with IDet ? IAsp. Both of these findings are in line with those from the full study population [16] . Although overall confirmed hypoglycaemia is driven by both the bolus and basal insulin, nocturnal hypoglycaemia is primarily driven by the basal component. Hence, rates of nocturnal hypoglycaemia may provide the most relevant comparison for the two basal insulin analogues [20] .
The results from this study are also supported by data from a recent phase II study conducted in Japan, in which IDeg was associated with a 69 % lower rate of nocturnal confirmed hypoglycaemia than IDet in subjects with T1DM [21] .
The findings from the present study are particularly notable given that the significant decreases in nocturnal hypoglycaemia with IDeg versus IDet were achieved in parallel with greater control of FPG, a finding that has been observed in previous trials in T1DM of IDeg OD versus IGlar [20, 22] . The overall safety profile of IDeg in Japanese patients was consistent with that reported in previous phase III trials in subjects with T1DM [15, 19, [22] [23] [24] .
There were no notable disparities between the Japanese and full trial populations with regard to treatment differences between IDeg and IDet in glycaemic control, other key efficacy endpoints, insulin dose or AEs.
Extrapolation of the efficacy and safety results of the entire study population to the Japanese subgroup is therefore meaningful. As part of basal-bolus therapy, IDeg OD improves long-term glycaemic control in patients with T1DM, and is associated with a significantly lower rate of nocturnal confirmed hypoglycaemia and a significantly larger reduction in mean FPG compared with basal-bolus therapy with IDet (for which 39.3 % of subjects were receiving IDet BID rather than OD).
The data presented here demonstrate that IDeg ? IAsp improved glycaemic control in comparison with IDet ? IAsp, with no substantial differences in safety parameters. We conclude that IDeg may represent an improvement in current treatment standards for Japanese patients with T1DM.
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